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(57)Abstract: 

PROBLEI\/l TO BE SOLVED: To efficiently remove a TOC component 
from TOC component- containing water while holding a desired ratio 
of ozone and hydrogen peroxide. 

SOLUTION: Ozone supply amt. is desirably controlled so as to 
cooperate with the TOC value of TOC component-containing water or 
treated water thereof and, by the monitoring of the treated water with 
an ORP monitor 160, a dissolved ozone monitor 167 or a hydrogen 
peroxide monitor (pref., ORP monitor), the supply amt of hydrogen 
peroxide is controlled to supply ozone and hydrogen peroxide to the 
above-mentioned TOC component-containing water and the TOC 
component is oxidized and removed by hydroxyl free radicals 
generated from ozone and hydrogen peroxide to obtain treated water. 
The treated water is further treated by an ion removing device and 
residual org. acid components or the like are removed to produce pure 

water. For example, it is desirable to supply hydrogen peroxide so that ORP of treated water becomes 200- 
900 mV. 
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6n'JE<fflv^^^>i^TV^5. 

[0006] HKWtw. ^Yy/mtitAimmi.zXi>T 
2O3 + H2 O2 20H- + 3O2 

[00 071 C<^J:dfctT4t^tHn=Jfi^;P7v^;{r 

;p (OH • ) {ci ^mmtxhhTocmmm 
TO c^^i-^r;i^3-;k-»:>- h :/->;;^;i^.-K:/ir^c 02 

+ H2 o 

±ie<0#giirct Hn=Jr£^;W9i^*;&;P (OH • ) 
k:W4tTV^S*«. ^fft, T0CBg^*^7C'<?T;^^-/^ 

•CJ> h h y^coS^Lj&^'^iSi 0 . T o c ^^ifi 

0. TOCfi£^*i7c^;<^;l'd?>'g?t:'^)i.J©^{iC02 + 
H2 Of^mt^tms, 

[0009] TOC^5)-#W*7&^^>COTOC^^I^(?) 

i^n(^timm7i<.(7)Tocm (Tocmj^) icjro. b 

b- o=af 7 >f - >/ L J: 3 

ymmmm<mmimmTm mm. m. 

m$mj.m) tt3i^TToc^^*jis^xt4&ai$^i^ 

ocmtimmziSi\.^fziib. ^^^jMmmiiimtm^\ 

^^X\ lI*OTOClfi{CcfcS7'f-H7*7-H$fJffll 

[ 0 0 1 0 ] b H odr S^/P^ i^';^?;t«R{£;tM4-tS 

C»g$:ii€L. SS^fiM mtX 
7 - K7 ^ y- h'$i|^::^X{i7 >f - ^v^^y ^©jffli:tr 

mmit. :^yymM.t^^Amm9^xt>o. mm 
w^. 3ai^<i:*s/Ji-v>'«oaMJt**o .354/ 



[0011] M5!iS*T'S)I.J^*4'OTOCjiE 
^^rift:, »E3!!^i&:tyy/3S|g^S^-C2[llULh 

yi<.i)>^ m) m^mmtim^^z. ^yy/imit^ 
mmxT o cm^muzm. a ^ ywmmzi. 0 

[0012] 

K^^tia t nfflw^To c mwmmmxh 

*«i:tDRlE?C^L^b Hn4ri';W5>';«^;U!:TOC 
^yyi:T0Cfi^iJ-i:Oit^^ 
O«rtgttti50, i^v!. \LYxii^\/tVyi^i])Vti^Vy 
bh-n^^-zW^v^Xr/PiziSSl^bdcStOK 

:tyyfit*#Mtiib9?!l$-li:-C^J®iU i o t LT t . M;t 

\i. itYym.mzx-hthx-hmm.ttYy^^ 

t'^mYy(7)m:h imM.) mmmm-hhtzibiz 
(m-h. m^. ^Yym.m^mmmxh^i}K x 
:>i&tmmzm.-th-^Yymiim^. ttz. m. 
Ltitvym.h\,z^mfh^^>hh) . wmMmt^ 

^yy^^t;fijfflTi'5r<^?.. -1}. mmmi 

mifimiiz^j:^t. 4^U^bHa^i/;P7>^';&;U*«ji 

mcom^\:^mtmLx. mkt^xi^a^&ti. 
[00131 «!oT, :^m\i. mmit^mm&cot 

mumm^mi. :^Yytmmmmmm<7)]t 

^5r«tjt Loot O C ^^>^^r*7&^^>TO C Bg^i-$ra$ 

mzi^-th ^ t ^-^mt-th T o cmmimim 

mt:m^A.bt^i^(OX$>h, 
[0014] 

tzif). *^BM{i^T;UTOC^^^^ LX-i yrnb;l/ 

Tjua-ju ( I PA) m'^im^t>zmmifz'tTJUTo 

i:3t-y>'«^>&ft (Ai'PmU^tii:::^YySi) (^mx 

Toc^^im&m^rrot^z^ m.^<nm^itY 

yW^. ORP (MtW^^. oxidation-reduction 

potential ) . nmmcmm.^'^-9')y'/Lx 
yyy\zMi.xmM%. m(wm) Ltzm^m 
/*+fciRiR§*i^:tyy<osftib&<o. ismwc^ 
^wmxh z t $-^aj L^. ^im^(^MmiXhh 
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m^mx'±mmMit^:k^ < t-cv^->Ti. toc 

yy-a^'f-izx mmmmit^tii^ti>$>'omrzii) 
:i<7)i:o^:tYyim^izm^-timmizm 

^mmmit^m/:i-Yym&it= o . 354) x*) 

it^&mmm\:^m/:i-YymMit= o . 3 5 4<^^ 

[00 1 51 fiD*>. *f|HM«. i!!«l*<0TOCiiiS/ 

&ittcom^^^-ryy y<7)^mmzt3.im'^i-i> 
^\^Mm^^My^Yy^i^&itcoiiLm^z o r pmm^ 
:tYymt mitmm&/:^Yy^mitm% 
i7rrr^^yi,z^&^s>i;ibiimvt:<7)r^hi, 

•c. ':mi\:^mmi^i/:^Yym^mt<^i\:mo>i}k 
m;^<^m&i\:A(mm.(omm'^c'^'^Mz^j:^i)K 

~2 0 0 0/^ g/L ( P p b ) fcliltf . ^StitTO 

c mm I ^:ib mt^-^ tz , 

[0016] :mmt. ±fe<^ck a ^»£ic«^v^t^ 

0 cm^^MzmmAmtitvy^mLXToc 
m^^mLx^mA^^%h\.z^tz^ . orp^--^- 

(ORPH-. ORP-fey-9--) . Tmi^Yy^--^- 
(iii^^bK^tf. ail^bKS-fe^^f-) lei I, 

m^mmth z t ^:mL ttiro cmm^m 

^<o^ikA(rmmizMtx. Mizm7i^xiimL^<r>To 

<7)mmtmrtmi>z^Yy<7m^mmti ^ t 

miz^Yy<mi^Ammt^ 7 - h 7 ^ -7- Ym 
m'o. m^<7)Tocmm(om^mtmttmizt 
Yy<7)mAmmt^ 7 ^ - KA'.y mmm^. ^ 
im^nmThimif^<oTocm irocmt i 
xmmm(7)mm) o^^sttSK. x*)iEmx'h 



i\ 

(0017] ^m<7)imi>zxmmmmmt^mm 
^mzMmiizmMt^b. mcomm^izm-^^^ 
X. mstmmmmtioRp^zi^'-izxmm^ 

SO!a;^<iOORP7!)^2 0 0mV'-9 0 0mV. Mt 
t<(i2 2 0mV'-8 5 0mV. j|lC*fi L<{i2 2 0 
m V-4 0 0 m V i: i d twflS^^SSrS^l^t Sc^ 

<fc OiBi^rsj^. ^lajiccojts^tv^'igs**! ojLt g 

/L-2000>ug/L (ppb) , Mtl<\i50M 

g/L-500;ug/Li:^ri,j:a izmmit^m^:m 

Jg*nOO/xg/L— 2 0 00jug/L (ppb) . » 
t L < {i 2 0 0 g / L - 1 0 0 0 At g / L i: ^: J: a 

^zrmmmmtfkthconmt 
[0018] cic^^tc, m-timmi\:^mb7i(.'pm 
mnji^Yyb(7>ttm^m^mtfmmmffiic 

^j:mmfHizm>?>zbm'^^. tYymtmmit 
A(.m<7)mumi:^'t-^~mi}^±Mco^fyizxhmM 
izmmtrn. :tYybm{t^mmmmmm 
{zMiy0i<^*). tfz. m^^izw^t^jmitm 
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Hmzm^j:t>^^jmi\^mb^Yymi^-ti<r>m 
tiw ;izx\ rcfjttftifij b\^d<7)ii. mmie. 

0-8. 0<0^<r>pUmX'm.ntL<ii6. 5~ 
7. 8OKIB<0pHfi-C*5, -jKWtC, KttHI-CW® 

YymE,^mti^^tx. Toc^-!^b</)Kmmm 
[0020] ^Yy<7)m.-mb ixii. mpusi^. 

[0 0 2 1 ] ^^c, ^mi\t. TOC^iJ^^r*?:^/ 

y/'mk;f!^imAzi ^m<rmmm:m^vt%t> 
i\.hm^^M^vm^mzi OMt^^piu. mm 

[00 2 2] ^<7)J;o^r^^y|^*Xg^ffaii^. * 

iBmm.mwm.<r>A i^ywmmz^\^x^\^^ 

^ iiymm^wmmm^<r>i^'fc^m%z^ 
mm^mmhtz\h. m-'thmcmimikAiiy 
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mt ixii. mm>m. mjtm (mm. mmi- 
[ 0 0 2 3 ] ^^3. :^mmm'yt^mm<^mw:izx t 

0. 3mg/LJilTs ntL<\iO. 2ms/mri,Z 

mTkmnMizm^ . myk^mt^m^. mao 
i&mw^wizm^vv mm) mit. Romm 
m^i^m) wizxy)Tocmimzo. 0 2mg 

/LJaTfctS^ i:*»'-C# h (#^¥9 - 2 3 6 4 9 2 
[00 24] -^(C. \zYa^i^)Uyi;:^MzX^TO 

izxomi>i)K y^i:<r>^mimmizt5\,^xy°u 
esfyn. m. mmm^'f-^mmxzmm 

mtTiitiz^it'tl, Vi-yX. HtK (TOC^^W 
*) OTOCii^TOCii (TOC^^i: tT(0^r» 

mmiztxm^tttimixii. zm^mmtTi^izmtt 
mmxi, ^Yy/mmitmmizxmmxii. 

c^^!yi*i^TOCii^{iJl>eO. 5~2. 5mg/L 
{iO. 3mg/Lj,:iT. ?&ifOJ^0. 2mg/LOT 

[ 0 0 2 5 ] cioJi^. *I^B^co:^r&fcj:^ Ji^ 

TOCffi*>'0. 3mg/Lj.:JlTi:^-S<tdtItHn^i^ 
J:0ffi^fcO. 3mg/LOTi:-tS<ri:*«'C#S. 

[0026] -mmifx±^ifzx 0 iz. :^mm 
Yy/mmitmmizx o#'c.ni.j!M*oToc<i(i 

tit. Ur^^rJ'-j&^/^cOMaTKcOTOC^itcffifEJL^t 
[0027] ^*^?g^M^m^d!.M3tXJ^{Zt5 
r/P3-;W ( I PA) ■^i^'^-f-/P;i;P;ixdri/H (DMS 
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if^lxmm^tityiHimii;^WMizm\^ii>til, * 
^^Bjo^Vy/jg^^bTKSSHJ; S T o CjSm*<7)M 

iizm\>^iztti^x^i. 

[00281 ^m. mm.mizmhTocmm^ 
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[0030] 
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[0031] :^%m<oijmxu. !m?ii<7)m^:^Yym 

/:>i(.'Pizm^jXti:^Yym<7)it^}^izmt LV^^ffl 

fHizmm hzttiK-^ I, m^^yy^-^- 
5i-yyn-> tixii. mm. m 

^^i>mm (uv) ifijRs^Tfeiv^^j. Tii^izm 
'^m\m>m^j:^^M%i^. uvigiR^-c-ji 
mrnm^zximmii^iii^ib. jEWkm^i 
mttiisbi>ziiwm<7)ijmt 

[0032] tfz. :^^m<7)1jmxii. !myii<7)0RP 

immi. mmi:ibizX':>x. imi^m^^ 
(oRPft. oRp-by-tf-) tlx. mm. 

[0033] ttz. :$:m(^ifmx'ii. mmmMit 
yHmm^m^u mmiztizx-^x. ji^^bKS 

itiummm. !m?ii'i*<mmt^mmmmzm 
mtlx\^^lt:l^. ^mi>zmm:^m^Tm^$>ii^ 
-^i^zmmxh i:itxhi. m^t^mmmmii. 
mm. m^m 56-54532 ^'mizmm<7)y x y 
-j^y^vymmmuzmmmi\:^m^-:!^- 
iHbicstf, m^m-^y^-) im\>^x'€oz.ti)i 

[0034] m<7)x a I.Z. :^Yy/mtmimi. 
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« 

mi^m!m<. ^kmtm^ymsjM mm. vs 

JM) \.zhn.mm\ih. ^->x. mm. wmto 
c%-^im^^^\<z. w,zm^hm^j:ntu^^(m 

.^(I)X(i(II) ^^l,^i:t-C't=l., 

[00351 ( I ) ifwm^st'yfzitvy/mmcm 
mtKmmms^ ( i ) r)Vf}^}^wfQmvy 

wmi//yj,i ( 2 ) mmmTx-mvy^t^ 

y/wm^m&\,zi,Y)Tocm^^^^^LXT 
oc^^ff)±m^:'jtmthm-'xmzms^x. m-i 

UX%t>tih!mmznLX'^\,z ( 1 ) r;P;&U1t^ 

T-C^05ryyj!igj^t//X{i ( 2 ) ^[.^Bpjtir-jv^^ 

< i: i) >f :t Wttl.mzxg^ff 0 J: a {C LT i.m< . 

co-^i: LxtYy/mm^t^m'mmmt'^com^^Y 
yifx^t^/ymtbxmmix. ^Yymmmm 

S (#^¥9 - 2 3 6 4 9 3-f-) , ic7)||Sg(0J^® 
'(l:*liaTii:^<05!M*<0T O CM*^ 2 . 5 m g/ L 

<^)J!®*<7)TOCffi<7)g^ffl^. Mttf, 1. 0-3. 
Omg/L^. ^f^t<m. 5-2. 5mg/LS 
^i:^S-m{f<kv\ :S:t5. (1 ) TyP^i^Utt^TT 
mYymt ( 2 ) Sl^haB?JtT-C'iO:tVyi!PI$:«t 

mtim^ii. 2mz^mx<. i<^i^<^att2 

[0036] (II ) tfz. M7i^(OTOCmim^^^ 

'^m:fYy:^:^'pmYy^:Mmti^iz. m^m 

mmizxmmcoKmt:m{zmfxtB:^\ 

imiumtitvy^zi^Tocm^mth^ 
mw.mm^m\>zm^\ atL<ti#^jiM^co3rv 
ym&iwm&u ±^^/ym&^mmm 

oymm^m 1 fk(r>Kymx'mmmpm^zii m\ 



C:<0:^{4. pHi^Si|c?)«3i&fiS:^lS<7)R|St|-CO 

i^vymmm. m.^mmmmm 
:i<^j^mT\,znm\.zwmfh. 

[ 0 0 3 7 ] t Yu^i^y'J:^)V(r)^tSEMi. ^V^ft 

i^mzmthtz)^. r^Yymm.mm^mhmwc' 

*o*^T-:?tc<i: ^:^Yym!^&mmh-fim\^ 
ti^. BUh-f^timmmwMii}^t>m^/y/im 

mmmmazi. ^-ktvymAmmh, 

[0038] :immmm^<^yi^'^UWM\i. *m.<^^ 

wtcioT. Toc^B. (Toc®) . mt^\m'^ 
^wmi%<r)mm:i£<mmBtthztifiX'^h, mt 
if. >m<oumm'p<7)y ^yn i-rocmTh 
0. m^vtims^) <7)mi mm) -chii^. 25 

0~2 6 5nm (lift t<{42 5 4 nmXI42 6 0 n 

m) (om^(Duv\&mzm^±iim9mmmeB 

^ (±Tocm) (D^x'hti^it. ±i5Mmm 
mTocm^m^-nnixw ^^y/^^m^m 
mi>zti\^^x\i. mttzmiz. Kmmmi^zm^x^wm 
iiwm^^uj:ii^i^!im^tix\>^<. ^mm^m. 
•thb. i^^<r>rm u m/it^m.\.. p h ^ffiT§ 

m^^m^x-m^m :tymt txm. l . t h o 
xm<, 

[00391 mt:mmzmtri-^(m 
mKmx'^mmt:mix o t-th t . ±xcoWi 
mti^Mm}iz\izmitmtmz^mth:nmm i 

:^Kyi;-^^tbx<^mm^:fymm'<mi. 
n^^Yy<omnmmiiSiT^-t^. mz^^i. r 
mmmzttm. :}'^^^<ti.mmmRmizi5\\ 

Xl,tyi^iH)VXiiKy=y^-<7)Bmtl^>^£<^j:htz»). 
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[00401 zcommcomm ( ii ) fc^v^xji. wmc^ 

mm (II) izm\ mim.mxcopHm'mmc^ 
av^pH=6. 0-8. ommm^zm^ttiii. m 
mmmx'cop H i>mKmzt\'mmi>zmzti6tzi^. 

m\izmh:^vymm&^m:<mm^<oimt l 
< . z<7)mizth t . M^<^m 1 mMimi>ztiux-^R 

mmxpH^:^mzmLxmif. mmjmx'<7) 
P n(r)^mmiz:!^^j:< . tfz. m 1 mjmi)^t>± 

mtwiix-k^ ^-m^zimxt hj^x^m^x-h 
I. ^^mi,zxhmmmm (in <^mi<7)mmzx 
m 1 mmx^m'pmmzp Hii^t^ j: o 
pHiflstixtf. m2mmmx^piimski^j:<x 

^timmYym&izmtifzi^. ^Kjm 

^t-:?- mzoRp^=ii^-mti\^) iizxm 
mi,zX'yxmm'r6cr>mti\.\ ii}>i.mim. 
mx'm^/ym^f^mmytYymMco±^^ 
m^. mmmmittitiibiz. mmjmuiTm 
itmi:mt^j:^>mzLt:'o. ^v^{i. m^jmiz 
m^j:h~^<OTm^mt:m'timiz tx t . 
(#) f^SRiBw^oTrv-yfiti&ii-itM-tsM^^jaii 
(#) mmm^m-rmizixijxw 
[00421 ;i(ommmm (ii ) -xa. m2BKm 
m//mmEttiimiz^mmmizm'r^ ^rv 
yio^-^< b i>-'m ixm 1 SKjseff t3«*&tfc5ry 
y:ff:^mt^/y:^^t:mti<r>tfi. ^^/ymmrn^: 

miit^/y:^xmkmi^:K^<mtti^. Rim 

^^;<fXDJ:#a;^»^3Bgl Om/h rmtwy^^iR 
^$jf,i7 0~8 0%tC55rl.. fStO. 2 0~3 0%«7):t 

Yyimmm\'^ttmYy:ff:^ttxmiii^tii> 
ciiit^rs. ^oT. c:^o#f3^yy;^rx?:ll2SK^£?^i 

[ 0 0 4 3 1 i^^. *^Bj<^:^icj: 0 . mmi\:^mt 

T 0 C ^^:t*j()>4> T O C 

cox'ii^j: < . ^ Lti^mm(^^x'-mimm t * 



mzmnz^^yj^mmm^^xmux . mmmz 

m^t:mtthZbt)'^X'^ltK :i(r>Xo^^^tymi 

mmttxii. mm. ^^y^tmm'^mmm (r 
o)mm(o^:^ymimw:m\^i>;itti^x^i>. :i 
m^iznt^tiimm. m^rnxniizmizb i> 

mmzim^zm^^iztii'^x^i. ttz. z<7)Xoi,zi 
x^w^mmmiLt:>m^^. m^cot Hodf s^/u 

mi. mitimmiiU'\^Tocm^i:mizmti 

[0 0441 :icoXd^j:TOC^^<7)^mizX'0Mil 

fzmisi<^mi:mti<7)i,z>( ^ym^mm\>^h 
{!^^<i:i:>m>(:tymmmm\^h, ss^rs 

mmttim^tymm^^xmii:m:fh 
m^^y^mmtm^^y^mmmmth 

h4itym!m^<^^mm\,zi: off a tm^ 

[00451 TOC^^cO^J-jgtCiO^UcW 

mm.'itii. mm\izMmmm^n\^x^. ^^y^ 
mmm^iizx ^^E.thWE.m^'^m^mmzii 
"o^tmim (reject water) 
mm^nwAz^^x. ^mm^m^ (co^ . h 
2 o(r>m.) ■thzta^X'^h, 
[ 0 0 4 6 1 5:i>. ip.wR(r>imt. mLtdmm^ 
<7)^fci5S(i>-r. ±^^\,zhmmx'%hi}K iMm 
(r>^. ^Yy/m^^mmmm^mmz^ fm^ 
t bxm^mu mt L<^j:\^mm,m<7)m^) r 
tmmfi^m^^mt LXi&i'tm^x\^\^it'm 

izx'omtti^ms^mii. tmm>mmwm^ 
mmmizm^uzwminzx ^xmi,zmm^ 

[ 0 0 4 7 1 <j:fc. Wi^<7)^mmt L\>^mmm 

ill) i:mm-lt:ib</)TOC^m^m<ry-^^m 
•ri^XTA7a-lir'?)^04$:#B§t^-:>. Z(r)m& 

mm (II) ^:ml<mmrl. w.yH (toc^^^ 

*) {±, ll7K7^y2 0 5^ig*fC^jati^-Ur 

i^^- iRm) 2onzTm-m'mx^tii, 
Yym.ll92 3 0X'^^Uz^Yy^m. ^Yy-it 

:^Xy^ y23 lt:mAtXm-^JT^ ^-20 ICOT 

m^^m^ti. wm. m^'/y:^^y-^ ^233^ 
txm-u ^-2 6 1 izmi^tii . 

-i;ri5'^-201<^Tg5*»<3#'^>iut«M*JJ:. ®- 

u ^-jsstK^^ y 2 0 2 Lxm~v 7^ ^ 
~2 6nzm^$tih, m-'Vri^^->m^y^y2 

0 2iOji*tCpH^:::i:?-20 3. 0RP^:::^:J'-2 0 
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[0048] pH^c^:5'-2 0 3*»4>#4>n!tm-yr 
:5'^-J!ia*<7)pHfi-t24 0(ipH3yhn-7 (p 
nm^) 24HCA:^J$^1. pH3yha-724 1 
i3^^(Oiiim^2 4 2(±p H^m (^ii{i7;P;{? U 
M) ^K^yr2 4 3fc:iii^>ti. «®*<^pH*s0f^ffi 
t^j:hXo izm^zm tX P Hi^J^J&7 >- 2 4 4 

[0 04 9]-:6-. ORP€r.:J'-2 0 4*^<^com-U 
T^' ^-3!!«i*O0 R Pfi# 2 5 0 {40 R P 3 y h O- 
7 (ORPUmUs) 2 5 1fcA:»j$ii. ORPnybn 
-5251 *»4>c^ai*m^2 5 2(43§®?-(bl<^ftJ^;Ky 
7-2 5 3l;M^>n. m-~VT^'^-^^<7)0RPm 
!^mb 'SrS i d fc3ftir^bKSIffi*&5 >f >' 2 5 4 mm L 

[0050] jJ-Vy/fliK-ft^SStctJl^T. ^MWt 

^. Tia<^^W3t3V^-C#<c>iin:E2i:^3*>^4h&> 

Rp<i. m7m{t^mBBimxm:s:tYymBimtz 
h 0 \.zm^<m^im.iwmmx\m^tvym 

Wj:^ 1 1 ORP t - :?-3&^*C:it(i>(7)^ - :?-^cOtf»t 
[0051] -^r. ^-VT^^'-2 6 1lZt5\>^X. m 

-'JT^'^'-mm-i$i^m^yr2 e 2fc:<j: <om 
my^yiesm^Lxmm^ti. mmy^y2e3 

5tm 'omt^tixn o . xi^x 2 s 5 *>/b<7)^ 

?K?g^!fe*«mz»JT^'^~2 6 1 izmi!>ilh, xi^x^' 
^- (ejector ) OftbOfcT'nr- (blower) 

(in-linemixer ) t:moZti>X'^l> t 

fz . c <7)mmmxiim- or^ ^-x-mmt^ v 
y/fxii^ ^(r>^um-')7^^-t^t><r>mYy:ff 
xxhtifi. c:<o-g|JX{i:^a5SrJi-vy^S2 3 o*» 

■c# s . mzu r ^-2 6 1 *>'oo#f3t-v:^;ir;^<4#p 

^Vy;^f;^7-^y2 645-SitT#fai$ii-S., ii^. 
mtYy:^'Mi^ ~Ki^^/ymmm:}£X^LXi)-^ 
t>:kSi.^\,zWi^'rh, 

[00 5 2] iiz';r^:j'-*>/i>o«yi*{4. :«-«9>f 

y 2 6 6 tr^t-f i.^zy r^^ i^'-mwm^y^y2 6 



V^l. t a-*iOORPqE:-:J'-2 8 Ot^i 0 ORPif-t 

2s\t)^^mii. z.(r)ORpmn2siixfi^titz 

ORPny ha-7 2 8 2*>/i>^fi§iif^ai:ftfi^2 8 
3*Qgi?<[:7KS«^J^^y7-2 8 4 mzU Ti? 

:J'-l^<7)ORP*5m«<ii:^:Sidfc:. ikwcmm 

[ 0 0 5 3 ] t^i. ^iis^7^ y 2 6 6^^mJi^^'llz 
^)7^9-mmi. ^(TiTocm.^m'&thtzibi.z 

TOCtf-2 6 7tCiM/^itS. TOCtf2 6 75&»/i><7)mr 
U T ^ -^S;d<iOT O C fi-^ 2 2 0 {4 T O C 3 y h D 
-y {TOCfmm 22l\zK-n^fi. TOCayh 
0-7 2 2 1 *»/i,iO{t}:l3fi-^2 2 2\i:^Yym.^2 3 
0(::i^/5>il. mryT:?^H!PI^K<^TOC«g&m^ 
<ii:=5:I.J:afc:;tVy|l4* vm\tifYym&) m 

mtt. z.zx\,t. :^^/yim&<mm^zTocmm: 
'ifmnmiifzx->x. mr>x-nm^^^ 
'^xi.i.wmm. ^mnmit)^A^^<^y $ y^oj^ 

250~265nm (»iL<{4254nmX(42 

6 0 nm ) (r>m:<^^^% ( U V ) T'CO®3e;g$r«6-?yi 

ti,x'%i, 

[0054] m-u r ^ ^'-m?H<^izmii. nzu 

7^ ^^imyiiy^ y 2 6 8 LTvSli^tf 2 7 0 

izx*)yic'p(7)mmim u^yRx/mmitm) m 

*tT*»4>. 'f^y|^*M<i2 7 it'^jfy/s^a-. miz 
'^m^'»t:m^u m9mi<.y^y27 2ipt>m 
(::(mmx'<^mmA(.kmdw^xs>':>x. 
immtrnzm^^mit. ^iz>m^ii^:itiim 

y^im2 7 lifiSmX'^j:\>^Zbi)^$>^, ttz. ^it 

y^^mm^:m\^ttm'ci>mtm2 1 o ms'shz 
{^m.<r>mm\.zmm^m^^'±x±mmim.^^ 
[00 5 51 }MmM<r>mm\i. Tocm 

W^^zr>\^xZML<7)BUm\,zX ^9m,z^j:'yX\^hi^. 

•m\.zmtx-Emi±<^mm^zii him^noz. 1 1 

[0056] 

imm] WT. mm^zx >o:^miMmizmm 
s :^mi^mmm^^tit i>(oxm^ t am 

[ 0 0 5 7 ] n 1 izmmmx'm^fzmmt:^^: 3 o y 

Tocmm^^mmt. jmit>iimi::fYyx'm 
t^<^Tocm^^mitm-i-i . y r^? ^- 1 0 1 iza 

J!l*.-Kyr 1 4 0 (cj: y 1 4 1 

. y 1 0 1 i)>(i><o9m^<r>-^iTo 
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' CtH 2 0t'TOCM^|f-i!|§il. ^OTOClitS-:^ 

^ p I Dmi^ 1 2 1 i)>i^:fYym.^umm{m^ 1 2 

fc. *!yi*<^fl!!«0-l5liOR Pt-:?- 1 6 0 -co R 

p . mmYy=f:~:f^~ 1 6 1 r'^^r>'?iug. p h 

tLiimx'hi, oRPxii.m:^Yymm<7)m^miz 
mnt p I Dum^i e 2i>himit^mii^yymmm 
mm 6 3i)<m^ti. 7mi\:^m^yri 5 omm 

j}-vy-fkxfx7>f 1 3 1 ^ji >; r rJ'- 1 0 1 

n-otl^K X-i^x-?^- (ejector ) ^^-f >'Si^f^;f_ 
(in-line mixer ) ^Ofl!lO^S$:fflv^SC:i: tT'^ 

9>f y 1 5 ii&iitTjai&fb^jfe&fjr^'^- 1 0 1 

ttJ&^it^, ^-t, pH<7)S!l^ffi{cS-:y#PID$iIffll^ 

1 7 1 *»^> p Hmmm.^yrmmmmn 1 7 2 
m^ii. pH^^mj^7iiyri7 3mmim\ 
m^zm txp ummmKy -^yi74^jifrpHii 

lt^(:>(mmyiicr>i&cr,izS^^ti. >mAiy-(yi 1 0^ 

3itT?i§ii^ii 1 K^i^^n. ^zx-m^-tmit 

fzmMi. ^:i-ym^mi 1 2izm^ti. 
T^^ymizx'o^m^m^^ti. ^ty^mm 
(omyiit Lx^ :^y^mMy^ y 1 1 st^sEjfjt 

[oossjujfijjaii 

h r<7)gSri.0 1 . 8 h r cO*aWi§®lt^-C. #8 

<^Tocmf^yi^^m.b Lxm^i^yri ao^zx 
mi 3 0 x^mwMAzii *) ig^^-^c^rv y-fbyxs: 

tYyXTOCmmt= 2 0-3 0/1 T'5!-y>"fii;irx 
7-fyi 3 iSrigiLTUTi^rJ'-lO KCJiO'ei^T 

tti. mti\:;^mm^ri(yri sotciOiSiS'fk* 

yi 5 1 ^igAt-CiSit^bk^^iig^tzu 

Ti?^-1 0 Ifc^J^LTt. #T0CBg^^r*'1'<7)T 

ocaimPA {-fyrntvur;i^3-;p) . dmso 

U Ky) t\ miAil>zz<^X d^rTOC^^TOCiSlg 
*i7mg/Li:^-SJ;afc?mL. TOC^5i-^:t^^ 
^t3ti>cOTS)-l.. lll<7)^Mlct3V^T{i. 'JT:?^ 
- 1 0 1 ft HD^i^;l^5i;;(?;HwJ: O^M^ii^wl^O 
^!^<0TOCM^v'->'^';^8 1 0MTOCt^ Ci^-A 



1 2 0fcJ:0*y^^yCjiSL. T 
OCtf-1 2 Oi}^i^<Dmm^^P I D$li« 1 2 UciM 

cmti^-^X-hltiif). yfYy^^t:-Mizlt:, t 
tz. micr>mmzt5\<\Xii. Ur^^^^-lOl-CtHn 
^i^Jlyi^:^MzX <0 >m^iifzm>>mAi<7)im^Y 

ymm.r/0Rpmt:^ii^'timmYy=i:-:^-i6 
listi^oRP^^:?-! 6 0T*y^-f y-esisu m 

^^^y>^-:?-l 6 OXJiORP^r-^'-l 6 l*»/i) 

<^mm^i: p I DMffli^ 1 6 2 fcin 0 . 7mi\yHm^. 
ikm<^niyri 5 o<7)tiiiji:m^:^Yymx\ioRp 
mm^miz^t x o izmmtt ztij^x-^m^t 

mmt7ic^izmmtitz:^Yym<7)immm ^Mt^o^t 
uztiib. mmtA<.mcr>mi^&t:mmii,zmx.xm 

m^n-ytz, 'Jr:?'^-101|^<07|«OpH{i7. Obu 

mz-^izim^titi , u 1 0 1 
nmEm^i 1 immxmm cmmmt:^^ 
y) ^m^. ^-^y^sm^^iiim^^^y^ 
mm ( Hj^o5iiH4^^ ^>'3Scm®sii: owmm^^m 

rr^^ys'-^^f h E SG- 1 J C:t;u;<ry|*^^a 

Srl^Uc. =S-IIK<0^mS:ia2t@3{Ci@«6;t, 
[00 59] 02ti. IPA#^7kSrS*i:t-C«®U 

m:¥.<rymitvymjs. {m^itYy=^~^- 1 6 i-csi 
. (^yrvyyttz^m^izyx 

IXORP (ORPt:^^-16 0T«) 

Tv^i>. m2f.zh\^x. o\m^:^vym.i^L. a 

^^sidt. H2 02 /03 mm&ti^o. isisaic 
tjv ^•c«yi*o^5ry>iftgfc o r p<^ft^fc&m 

ii:o<i*>*!;0. 0A<r>mLX'm^<^OPR\im2 0 0 

mV~9 0 OmVOlifflfcSo'CllSctC^^kL. t/i. 
«®dC0l§#:ty>18iKi*?» 1 m g/L~3 m g/L<0 

O2 /O3 lttib!><0. 3#i£A>^. H2 O2 /O3 M 

D M S O^t^K t N M PirW*S:JI*i: tT^^L^^i 
^i. I PA*:t*^«yiUv:«^i:^-<^SvW*l. 

[0060]|13{±. IPA-^W*^ig*i:b'CJ5aL 
tz^cOYii O2 /O3 fttJti:«M*cOTOCigJg/ 
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j!i*oTociig<7)jt (Tocmmmmi. a 

T. TTOC/TOCo ^it^ two ) mmyr^t 
Tl^S. ll3*»ii>BB^>*^^J:ol3, H2 O2 /O3 a* 
Jfej^^O. 1 5jfifflfc*3V>TTOC/TOCo mSJtOlg 
tt^. Hz O2 /O3 Sftit*^'0. 1 5*> 

i^mi\Lm<mik&^±^ < t-ctToc/Toco 

fc. Hi O2 /OgSftifc^^O. 3ftifi*><i,S®iiiHb 
ifiO. 1-0. 2 5(7)KHF*ItC^-S.ctaiC)fii?^bf<S^ 
NMP^q^*«:lS*i: U'C«yiL/i«^<> I PA 

ntm\^^-h. H2 02 /03 fi4it=o. 1-0. 

[006 11 

OC^^^^^Wtc^f I. ^ i: Ir^tli: 
[0062] :tV^/jg^^i:;l<#at3 J; l.«^(^S:jSff 

iacORi£afCO«®*OpHfiO»$-3(!l^L, Clilt: 

J: OiC^kriSCTIg 1 mwjmrtv nwsmizx 0* 

im<r>pwmzim^ixh(r)X\ m\,zpn^fr>tz'!b<7) 

[HI ] mm. m!mm\^tzTocmmmw.<7) 

jt(H2 02 /03 ftut) fc«!ia*<^^^vyii 
X'hh. 

[03 ] 03{i. I PA#**5:lg*i: LXm.Lfzm 

^miim^m/m^^\,zmL^ixtzi^''/y<^m 

it (H2 O2 /O3 SftJt) is^^dcOTOCatS/M 



[04] ii4{i. :m^mtL\,^mm do 

101 UT;?^- 

110 'mMy^y 

1 1 1. 270 wtm 

112 ^^^3^11*1 

113 ^5!-y3^S*7'fy 

120. 267 TOCtt 

121. 16 2. 171 PIDfiJ^ 

12 2. 222 :^vym.mmmm^ ( aj:*jm#) 

13 0. 230 ^yy|i^§5 

13 1. 23 1 ^^yy-ik.ify^v^y 

133. 233.264 p7i-V'y;<fX7-f :^ 

140 

141. 205 II*7-^>' 

150. 253. 284 "m^mmt^ir^yr 

1 51. 254. 285 ^ 
160. 204. 280 ORP^:::^'- 

161 m^:^vy=t=.i'- 

163.252.283 jg^^^d^yr^Pfflfl^ 
170. 203 pHt-^'- 

17 2. 242 p nmmmx^yrmmm ( a 
173. 243 pvi^mmxr^yr 

174 pHilWJ^A9-^> 

201 ^-ur^:?- 

202 m~^)Ti^^-im^vAy 

241 pH3yhn-5 

251. 282 ORPayhn-^ 

261 i^rur^^'- 

262 mmyr 

263 1igil9>f>'2 6 3 

265 xi;x^^'-265 

266 ^m^y 

2 68 m-VTi^^-m^mni^^y 

271 ^^yl^lg^ 

272 aii^^PbK^'f:^ 



